Titanium alloys possess unique combination of good mechanical properties and excellent corrosion resistance which make them an attractive material for application in many engineering areas. Along with these properties there are some disadvantages which can be eliminated successfully using different surface treatment methods. One of the most commonly used among them is anodizing. This article presents investigation of the results obtained from anodizing titanium alloy Ti-6Al-7Nb using sulphuric acid. The quality assessment and morphology of the anodized layer is made using a micro structural analysis, EDS analysis, XRD analysis and microhardness measurements.
Introduction
Titanium alloys have the prospect to be used in various areas because of their advantages over other construction materials. Ti-6Al-4V and Ti-6Al-7Nb are highstrength titanium alloys with numerous applications in modern industry. In recent times most engineers prefer to use Ti-6Al-7Nb because of the questionable toxicity of element vanadium in Ti-6Al-4V [1, 2, 3] .
The application of titanium alloys in general and of Ti-6Al-7Nb is still limited in specific sectors in maritime industry because of the old dominant concept that titanium alloys are exotic expensive materials with complex technologies for machining and surface treatment. Nowadays titanium alloys are used for production of machine parts, which are subjected to high temperature and aggressive fluids such as pipes, heat exchangers, gas turbines, pump impellers, valves, hull construction elements, electronic components etc. [13] .
Main advantages of titanium alloys are [13] : -excellent corrosion resistance in the sea water and other aggressive media; -non-toxic to humans and environment; -excellent strength characteristics; -non magnetic; -good shaping and welding capabilities; -good casting properties and machining through plastic deformation.
Along with the advantages, titanium alloys possess some drawbacks in terms of mechanical properties. Low hardness and poor tribological properties limit application of titanium alloys in the production of machine parts, which are subjected to friction and surface contact loads. In response, there has evolved the development of new prospective surface modification technologies. This fact provides the opportunity for introduction of new advanced methods for obtaining modified surface layers with unique properties and they successfully eliminate the existing disadvantages [4, 7, 13] .
One of the most prospective and widely used electrochemical methods for surface modification of titanium alloys is anodizing. Anodic films have been of great interest due to their high possibilities for industrial applications. Depending on the particular type of anodizing process used, the resulting anodic coatings provide improved wear resistance, corrosion protection and improved adhesive properties [5, 6, 8, 11] .
In this paper, sulphuric anodizing of Ti-6Al-7Nb will be conducted. The goal of the investigation process is to define how this surface modification method affects the morphology and microhardness profile of Ti-6Al-7Nb. The results of the investigation will give a foundation for more researches to be made in terms of expanding the application of titanium alloy Ti-6Al-7Nb.
Experimental Details

Sample preparation
Some important properties of the investigated titanium alloy Ti-6Al-7Nb are given in Table 1 [9, 10, 12] . Commercially available Ti-6Al-7Nb samples are used for conducting the experimental procedure. The cylindrical samples used have the following dimensions: d=10mm, h=5mm. The calculated total surface, subjected to anodizing for each sample is S=314mm 2 . Sample preparation includes surface treatment with nitric and hydrofluoric acid solution for 20s and further cleaning with acetone liquid. The final surface preparation treatment is rinsing with running water for 3 minutes followed by drying.
Anodizing process conduction
The prepared samples are subjected to anodizing using SIFCO SP30 equipment at voltage 20V and amperage 7.33Amph for 20min. The anodizing media is sulphuric acid solution type II (according to SIFCO anodizing instruction manual) [11] . The temperature of the anodizing media is constantly maintained at -4ºC. During the experimental procedure conduction, the medium is circulating constantly by means of circulation pump in a specialized container where the anodizing process is conducted.
Results and discussion
Micro structural analysis
The microstructure of anodized samples is investigated using optical microscope (Nikon Eclipse L150). For metallographic observation the specimen's cross-sections were ground and polished. The morphology of coatings is investigated using a scanning electron microscope (SEM Joel, JSM 6060-LU).
After the completion of the anodizing process, a change in the surface colour of the anodized samples is indicated. This is due to a change occurred in the surface layer composition during the anodizing process. The cross section of the anodized samples Investigation of Morphology of Ti-6Al-7Nb... Momchil Manov is shown in Figure 1 . It can be defined as formation of the anodized surface layer with an average thickness of 4µm.
Figure 1 SEM images of anodized Ti-6Al-7Nb
Anodized surface layer characterization
The elemental distributions are measured by energy dispersive spectroscopy (EDS, Joel, JSM 6060-LU). The phase composition is determined using X-ray diffraction (XRD, 600 Rigaku X-Ray Diffraction D/MAX/2200), using Cu-Kα radiation in 20-100º (2θ).
The results from the EDS are shown in Figure 2 . Presence of the main alloying elements of Ti-6Al-7Nb can be indicated in relation to their concentration. The EDS analysis didn't indicate any presence typical for anodizing process TiO x .
Figure 2 Results from EDS analysis of the anodized Ti-6Al-7Nb sample
Investigation of Morphology of Ti-6Al-7Nb... Momchil Manov
Figure 3 Results of XRD analysis of the anodized Ti-6Al-7Nb sample
The phase composition of the anodized samples is shown in Figure 3 . The XRD analysis shows that the composition of the surface anodized layer is α-Ti and β-Ti. This surface layer composition can be explained with the specific processes running through the experimental procedure conduction. The following interactions in the Ti6Al-7Nb samples, during the anodizing process in sulphuric acid solution are conducted [4, 5, 7, 9, 10, 11] :
In general, the results from EDS and XRD analyses show that all TiO x have vanished during the anodizing process of titanium alloy Ti-6Al-7Nb in sulphuric acid solution at the media temperature of -4ºC, voltage of 20V and current of 7.33Amph with the time for process conduction of 20min.
Microhardness profile of the anodized samples
Microhardness of the samples was measured by the Metkon MH-3 testing machine with a load of 50g for 10s. All micro hardness data are the average of three measurements.
Investigation of Morphology of Ti-6Al-7Nb... Momchil Manov Figure 4 Microhardness profile of the anodized Ti-6Al-7Nb sample Figure 4 shows the results of microhardness measurements for the obtained anodized layer. It could be indicated that during the anodizing process the microhardness of the surface layer is increased from 182HV0.025 to 523HV0.025, as compared to the unanodized (base) Ti-6Al-7Nb. These results can be explained as an aftermath of the anodizing process in sulphuric acid solution, the conduction of which leads to changes in the number of electrons and their equalizing with the number of protons in the nucleus. While performing this reaction, the Ti ions are leaving the crystalline structure. As the result of this procedure, the crystallographic cells' parameters are increased, thus causing the crystallographic structures' tension to increase and to result in increased microhardness [5, 6] .
Conclusion
Based on the experimental work and the results obtained in the current paper the following conclusions can be made:
1. Anodizing of titanium alloy Ti-6Al-7Nb at current value of 7.33Amph, voltage of 20V and time of 20min in the anodizing media sulphuric acid solution type II (according to SIFCO anodizing instruction manual) at the temperature of -4ºC leads to a change in the surface colour and formation of an anodized layer of an average thickness of 4µm.
